Pectus excavatum (PEX) is the most frequent congenital deformity of the anterior chest wall. Few studies have classified the degree of anatomical distortion in an objective manner. Our objective was to present two new clinical and original methods for evaluation of PEX deformity developed in our service (chest cyrtometry and anthropometric index) that are simple and easily applicable in the office. Twenty patients with PEX (submitted to the technique of Nuss) and forty normal chest patients were studied: all patients were evaluated by the same objective methods. Our results suggest that the objective clinical methods are more sensitive or precise than the radiological ones by measuring the deformity in a direct manner external to the chest.
Introduction
Among the defects related to abnormal growth of skeletal structures, Pectus excavatum (PEX) is the most frequent deformity. It occurs in one of every 400 liveborns w1x and is three times more frequent among males than females w2x. There is a positive family history in up to 37% of the cases.
The more marked depression of the sternum is frequently close to the xiphoid appendix. In more severe cases there is an important dislocation of the heart, most of the times to the left hemithorax, and a significant reduction of thoracic volume w3, 4x.
Psychological factors are highly relevant and cause important social retraction, especially during adolescence, leading the patients not to expose themselves in public, to avoid sports activities, relationships and contact with colleagues w5-7x.
Few studies have classified the degree of anatomical distortion in an objective manner in order to permit the quantitation of the depression of the anterior chest wall, the comparison of groups and the evaluation of postoperative results w8x. In general, these patients have been evaluated in a subjective manner during clinical inspection w9, 10x. The simple physical examination of the patients permits the doctor to measure the chest circumference with a metric tape. In anthropometry, the correct term used to specify the section of the body contour measured with a metric tape in the chest region is chest cyrtometry (Fig.  1) .
Another reproducible and easily applicable method called anthropometric index was developed in our service for PEX w11x. During physical examination, the patient is evaluated in a horizontal dorsal decubitus position on a flat table and during deep inspiration. Two clinical measurements are made: A and B. The anthropometric index is defined as measurement B divided by measurement A (Fig. 2) .
The methods for PEX evaluation by complementary imaging exams are widely known. The inferior vertebral index w12x is defined as the quotient of the vertebral sagittal diameter and the chest sagittal diameter from the posterior portion of the vertebral body to the posterior portion of the sternum, with both diameters being measured in the region of greatest deformity or of the distal third of the sternum (Fig. 3) . The Haller index w13x is based on computed tomography of the chest and is defined as the quotient between the maximum laterolateral distance and the minimum anteroposterior distance from the anterior portion of the vertebral body to the posterior surface of the sternum (Fig. 4) .
It is generally accepted that the treatment of severe or marked PEX should be surgical w14x. The current emphasis is on the operative technique of Nuss that uses a metal bar for sternum positioning and is minimally invasive w15x. 
Materials and methods
The study protocol was approved by the Ethics Committee of the Hospital of Clinics, University of São Paulo and a written informed consent was obtained from all participants.
A prospective study was conducted from December 2001 to December 2005 at our hospital. Twenty patients with PEX and 40 patients with a chest considered to be morphologically normal (control group) were studied.
The sample consisted of white subjects of both genders with a body mass index (BMI) of -25, who were found to have a normal chest or PEX upon physical examination.
This was an observational, randomized non-blind study. Twenty patients with PEX were treated by the same surgical team by the technique of Nuss and the postoperative results compared with the control group. The measurements were performed by someone else on the surgical team. The patients with PEX were examined on two occasions, i.e. on the day of surgery and two years after metal bar removal. Morphologically normal patients were evaluated only on the day when they accepted to participate in the study. The inclusion criteria for patients with PEX were: physical examination revealing a depression of the central portion of the anterior chest wall in relation to the adjacent costal cage, dissatisfaction with a defect of the anterior chest wall regardless of the comments of the examiner, age from 5-40 years, BMI-25 kgym , white race. The inclusion cri-2 teria for normal patients were: absence of a depression or protrusion of the anterior chest wall in relation to the costal cage upon physical examination, and no recent chest radiography or computed tomography (performed during hospitalization) due to another type of clinical intervention, age between 5 and 40 years, and BMI-25 kgym .
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All the 60 patients were evaluated by physical examination in order to determine chest cyrtometry and anthropometric index. A lateral chest radiography was obtained to calculate the inferior vertebral index and the patients were submitted to computed tomography of the chest in order to obtain the Haller index. The measurements for clinical and radiologic evaluation were made at the site of greatest deformity in patients with PEX and in the distal third of the sternum for morphologically normal patients.
The 20 patients with PEX were submitted to preoperative exams such as blood count and coagulogram and to radiologic exams (radiography and chest tomography). All operated patients were treated by the same surgical team. For the control of postoperative pain opiate analgesics were applied through an epidural catheter and non-hormonal anti-inflammatory agents were administered orally or parenterally.
Statistical analysis: the Shapiro-Wilk normality test was used for sample distribution. The pre-and postoperative results were compared by the Kruskal-Wallis test. The preand postoperative results were compared to the control group also by the Kruskal-Wallis test. The GraphPad Prism 4.00 and Origin 7.5 programs were used for the statistical calculations. The level of significance was set at 95%, i.e., P-0.05.
Results
No mortality occurred among the patients studied. Complications in the group operated by the technique of Nuss were as follows: two cases of intense chest pain during the first postoperative day due to an epidural catheter of inadequate function (then these patients received a higher dose of intravenous analgesic), one case of subcutaneous hematoma on the right with spontaneous remission, and one case of re-operation with a combined technique and resection of dysmorphic costal cartilages. The patients were discharged from the hospital four to nine days after surgery (mean: 5.6 days). Physical characteristics of our patients are presented at Tables 1 and 2 .
The comparison of preoperative data with the patients with the morphologically normal chest patients according to the four indices studied (chest cyrtometry, anthropometric index, Haller index and inferior vertebral index) yielded the following respective results: P-0.001 -P-0.01 -P-0.001 -P-0.001 ( Table 3) .
The pre-and postoperative comparison of the Nuss technique according to the same four indices studied yielded the following respective results for the technique of Nuss:
Finally, postoperative comparison with the morphologically normal chest patients according to the same four indices studied yielded the following respective results for the patients submitted to the Nuss technique: P)0.05 -P)0.05 -P)0.05 -P-0.05. Therefore, there was no significant difference obtained by three indices (we obtained significative difference only by inferior vertebral index comparison) for Nuss technique.
Discussion
We emphasize the need to use objective measurements. In addition to two radiologic methods, we used forms of clinical evaluation (chest cyrtometry and anthropometric index) that are objective, simple and easily applicable in the office, permitting the diagnosis and follow-up of these patients independently of any type of complementary exam. Our objective was to evaluate PEX by means of The patients at our hospital come from all regions of our country with a mixed Brazilian population. Therefore, we just included in this study white patients in order to avoid race bias (variable thoracic shape related to race) in statistical analysis.
About the four indices used, the anthropometric index and the inferior vertebral index use only anteroposterior external and internal chest measurements, respectively. The inferior vertebral index, like the anthropometric index, only measures distances on the anteroposterior axis; however, while the anthropometric index measures the chest externally, the inferior vertebral index uses a radiologic method to analyze this same axis inside the chest. Thus, the anthropometric index evaluates the visible and external deformity, while the inferior vertebral index evaluates the deformity internally to the chest.
The fact that the anthropometric index and the inferior vertebral index evaluate the same axis with different results suggests that the anthropometric index is more sensitive or precise than the inferior vertebral index by measuring the deformity in a direct manner external to the chest.
The Nuss technique changes the chest conformation (Fig.  5) modifying the laterolateral diameter. Thus, the results obtained with these four indices agree with the peculiar characteristics of this technique. We propose the use of chest cyrtometry and anthropometric index as methods for the objective evaluation of patients with PEX because of: a) the simplicity of the measurements and of the calculation of the index; b) their high correlation with indices already widely employed in clinical practice; c) their high accuracy for the diagnosis of PEX.
